Introduction: This study was conducted to correlate the personal formaldehyde (FA) exposure levels of instructors and students with the indoor FA concentrations in gross anatomy laboratory at King Saud University. The personal FA levels of instructors and students are higher than the indoor FA concentration in the gross anatomy laboratory. Materials and Methods: The gross anatomy laboratory at college of medicine, King Saud University Riyadh, was observed for indoor FA concentration and the personal exposure levels of instructors and the medical students during the 4th, 10th and 14th weeks of the dissection sessions. All air samples were collected by the diffusive sampling device and analyzed by using high performance liquid chromatography (HPLC). Results: The personal exposure level of FA was higher than the indoor concentration, and the personal exposure levels of instructors were higher than that of the students. The concentration of FA was also higher in the center of the room than the corners and near the doors. Conclusion: Both the indoor FA concentrations and personal FA exposure levels are higher near the dissecting table than at locations away from it during the gross anatomy laboratory sessions. Thus, the instructors and students are exposed to the higher concentration of FA than the general population .
INTRODUCTION
Cadaveric dissection is one of the essential tools for gross anatomy teaching in most of the medical colleges; cadavers are embalmed and preserved in FA for long term use. Vapors of FA emitted during the dissection sessions elevate the indoor FA concentration that results in increased level of exposure for medical students and instructors. The present study was conducted to correlate the personal FA exposure level with that of indoor concentration. The WHO indoor air quality guideline proposed less than 0.08 ppm for indoor concentration of FA [1] . The American Conference of Governmental Industrial Hygienists (ACGIH) has set a ceiling limit for FA at 0.3 ppm [2] . FA is a known irritant to the eyes, nose and throat [3] . The International Agency for Research on Cancer (IARC) and U.S. Environmental Protection Agency (EPA) classified FA as a human carcinogen during high or prolonged exposure [4] .
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The participants of gross anatomy laboratory are exposed to a higher concentration of FA than the general population [5] [6] [7] . Very few reports are available in the literature on the personal FA exposure levels.
METHODS
The dissection room at the College of Medicine in King Saud University (Figure 1 ) was evaluated during the 4th, 10th & 14th weeks. The dimensions of room are 30×15×4 m and total room volume is 1800 m 3 .
Three doors of the room are leading to different corridors (door 1), main lobby (door 2) demonstrator's offices (door 3) small corridor ( Figure 1 ). All the doors remain closed when not in use. The dissection room is also provided with six permanently closed glass windows along one side of the room. Twenty four ceiling diffusers arranged in four rows are attached to the central air conditioning system and four exhausts provide general ventilation to the laboratory (Figure 1 ). There is no natural ventilation. Cadavers for dissection are prepared in FA solution. The solution consisted of glycerin, FA 5-7%, and tap water. While not in use, each cadaver is wrapped in cotton cloth and is enclosed in a vinyl bag equipped with a fastener. During the study, fourteen cadavers were placed over the fixed tables, and each cadaver was allotted to twenty students and an instructor. Air samples were collected from three points, the centre, close to the doors and four corners of the laboratory (Figure 1 , CE, D1-D3, CR1-CR4) during the dissecting sessions of 2-3 hours. Two sampling devices were placed at an average height of breathing zone of instructors and students at each spot as well as the personal samples were also taken from instructors and students using the diffusive sampling device (Sigma Aldrich MO, USA), as described previously [8] [9] [10] . Ten instructors and 20 students participated in this study during each dissection session. A sampling device was CR1-CR4 -corners; CEN -centre; DR1-DR3 -doors. 
Statistical Analysis
The statistical significance of group differences among indoor FA concentration, and FA exposure levels of instructors and students were analyzed by one-way ANOVA, and then the significance of differences between each of the two groups were determined by the t-test. Differences were considered significant only when the P-value was less than 0.05.
RESULTS
The average concentration of FA in dissection room was 0.68, 0.85, and 0.73 ppm in the 4th, 10th and 14th weeks, respectively. A significant variation in indoor FA concentrations was observed in different areas of the dissection room and also during the dissection Abbreviations as in Figure 1 . * p < 0.05 statistically significant on the basis of students t-test and < 0.001 on the basis of one way ANOVA.
Abbreviations as in Fig. 1 . Each bar represents the mean of two samples. gross anatomy laboratories have been reported previously [1,7,10-11] but only few have described the personal FA exposure levels. The personal exposure levels are more significant for the assessment of health risk than indoor FA concentrations, since it may vary depending on the time spent in dissection room, person's behavior, and the region of the dissected cadavers.
In the previous literature the mean personal FA exposure levels were 1.69 ppm and 1.53 ppm for instructors and students, respectively, while mean area value was 0.50 ppm [9] , 1.24 ppm as the mean personal exposure level and 1.65 ppm indoor FA level, for the length of time required for completion of assignments in the gross anatomy laboratory [12] . However, they neither mentioned the difference between personal exposure levels and indoor concentrations, nor between instructors and students. It has also been reported [8, 9, 12] that the FA levels are variable depending on the region being dissected. Therefore it is important to know the personal exposure levels in each laboratory session. The present study shows that the personal FA exposure levels of instructors are higher than those of students ( Figure 3 ). This may be because in the gross anatomy laboratory at King Saud University, the cadavers are dissected mainly by the instructors before the actual session starts this might reflect higher exposure level of instructors in this study ( Figure 3 ). The lowest indoor FA concentration was observed at door 1 and 2; this might be due to leakage of the indoor air as the large number of students use these doors to enter and to leave the dissection room during the dissection session. This shows importance of the local ventilation in the dissection rooms as many of the medical schools have their gross anatomy dissection rooms in the basements, which should be discouraged. The mean indoor FA concentration was lowest during the 4th week when region of the arm was being dissected and it was the highest in the 10th week (Table 1, Figure 2 ) during the abdominal cavity dissection. In 14th week sessions. FA concentration was higher during body cavity or deep dissection (Table 1) . In all sessions, FA levels near the dissecting table were higher than in the areas away from it. The average personal exposure level for the students was 0.75, 1.20, and 1.10 ppm and 1.27, 1.44 and 1.33 ppm for instructors during the 4th, 10th and 14th week, respectively (Table 1) . These levels were relatively higher than the World Health Organization (WHO) guideline [1]. These levels were always higher than the average indoor concentrations throughout the laboratory sessions (Figure 2 ) and the difference in FA personal exposure levels between instructors and students might reflect both the time spent in a particular area in the dissection room and the region of the cadaver they dissect.
DISCUSSION
Recently the issue of FA exposure is becoming a matter of concern amongst the participants of cadaveric dissection sessions in the gross anatomy laboratories. To prevent significant sensory irritation in the general population, WHO recommends an air quality guideline value of 0.1 mg/m 3 (0.08 ppm) as a 30-minute average for FA [1] . Previous studies have demonstrated the indoor FA levels in gross anatomy laboratory exceeding the limits set by WHO. The National Institute for Occupational Safety and Health (NIOSH) reported significant exposures to FA in a gross anatomy laboratory at a medical school in Colorado [12] . The personal exposure levels with no difference [14] or student's FA exposure level higher than instructors [6] have been reported. Previously it has been demonstrated that indoor FA concentration and personal exposure levels in gross anatomy laboratories exceed the admissible limits [13] . It has been demonstrated that the average FA concentrations in the gross anatomy laboratory ranged from 0.51-1.46 ppm, which was higher than the ACGIH ceiling limit of 0.3 ppm [11] . The indoor FA concentrations in IJOMEH 2011;24(1) 112 system or/and the indoor air may immediately be exhausted before it spreads in the laboratory. It is suggested that further studies are needed to protect the medical students and the teaching staff from harmful effect of FA.
CONCLUSIONS
The present study has revealed that the indoor FA concentration is higher near the dissecting tables compared to the other areas of the dissection room; therefore, a person close to the dissecting table may have a higher degree of FA exposure than the one away from it. Moreover, the personal FA exposure levels are higher during the dissection of body cavity and deeper structures in comparison with other regions of the body, suggesting that the instructors and students are exposed to higher concentration of FA than the general population. during the dissection of the deep structures in the neck region, the indoor FA concentration was eventually higher than the 4th week but it was lower than that of 10th week, thus the indoor FA concentration is higher when the body cavity or deeper structures are being dissected (Table 1 , Figure 2 ). Instructors dissect the cadavers 1-2 hours before the actual time, and then demonstrate to the students, by doing this the instructors spend more time in close vicinity of cadavers than students, and this time difference reflects the difference in personal exposure levels of instructors and students. However, the range of personal exposure levels was much wider than that of area levels, and the maximum personal level was about 1.78-fold higher than the mean area level [12] . Present study suggests that the personal exposure level for a person close to the dissecting table is always greater than the average indoor FA concentration, because vaporization from cadavers and their containers is the main pathway of FA exposure in the gross anatomy laboratories. It is suggested that personal exposure level of a person is directly proportional to the time spent in an area of relatively higher FA concentration. However, it is not possible to measure the FA exposure level of all the subjects. but its concentration can be reduced. This can be achieved by providing the local ventilation Fig. 3 . Mean of the indoor FA concentrations of anatomy dissection room and personal exposure levels for instructors and students.
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